Cytogenetic and fluorescence in situ hybridization studies have shown the presence of telomeric repeats in translocation present in three patients with hematopoietic malignancies. One had jumping translocations, involving 1q12 and 2q, 16p, and 19q. These sequences were detected by FISH only in derivative chromosomes t(1;16) and t(1;19) in the first patient, and t(1;7) in the second. They were not seen in derivative t(1;2) and t(7;8), respectively. Interstitial telomeric sequences were observed in der(2)t(1;2) in about half of the metaphases in the third patient. The instability of interstitial telomeric DNA repeats in translocations is shown by the present findings. Moreover it supports the hypothesis that the presence of intertitial telomere repeats is not sufficient to make it functional. Leukemia (2000) 14, 1630-1633. 
Introduction
Non-telomeric localizations of the canonic (TTAGGG)n telomeric sequences have been detected using fluorescence in situ hybridization (FISH) techniques in a variety of vertebrate chromosomes. 1 Such DNA sequences were localized within constitutive heterochromatin, mainly in the pericentric regions of chromosomes. In some animal species, FISH studies showed the presence of intrachromosomal bands in some chromosomes. The DNA telomeric sequences related with these hybridization signals are named interstitial or intermediate sequences. Later on, interstitial telomeric sequences were detected in man either by molecular and/or molecular cytogenetic techniques 2, 3 The telomere-like sequences located on the chromosomal band 2q13, where a telomere-telomere fusion of two ancestral ape chromosomes did occur, were among the first consistent interstitial localization to be recognized in man. 4, 5 Later on, telomere-like repeats were localized to a variety of interstitial chromosomal sites using a synthetic probe in FISH experiments. 6 Interstitial telomeric sequences have also been detected by FISH in some human constitutional chromosome abnormalities, translocations and ring chromosomes. [7] [8] [9] Such telomeric sequences may also be present in acquired chromosomal translocations of malignant cells as previously reported 10 and in the present study.
Materials and methods

Patients
(1) GA, 81-year-old male, examined for acute monoblastic leukemia (M5A) in hospital La Milétrie (Poitiers, France) in June 1997; (2) ALM, 66-year-old male, examined for multiple myeloma diagnosed in March 1998 in hospital Saint-Antoine (Paris, France); and (3) DP, 77-year-old female, examined for acute myeloblastic leukemia (M0) in hospital Saint-Louis (Paris, France), in February 1999.
Chromosome studies
Chromosome studies were performed on bone marrow and/or blood cell short-term cultures with R banding techniques prior to any treatment. The three patients had complex chromosome abnormalities with several abnormal cell sublines, and a jumping translocation was present in patient 1 ( Figure 1 ).
Figure 1
Partial R-banded karyotypes. (a) Patient 1, der(2)t(1;2), der(16)(t(;16), der(19)t(1;19); (b) patient 2, der(7), der(19)t (1;19) ; (c) patient 3, der(2)t(1;2). Triangles show the rearranged chromosomes. [2] . Patient 2. The karyotype (bone marrow) was: 48,XY,+5,der(7)t(7;8)(p22;q13)x2,−8,13,der (16)t(1;16)(q12;q11),der(19)t(1;19)(q12;q13)x2,der(22)t(9;22) (q13;p13) [3] /48,idem,der(7)t(1;7)(q12;p21),t(8;14)(q13;q21), +16,-der(16) [11] /48,idem,del(6)(q15), [8] /96,idemx2 [5] /46,XY [5] . Patient 3. The karyotype (bone marrow) was: 46,XX,der(2) t(1;2)(q12;q37),t(9;22)(q34;q11) [7] /47,idem,+der(22)t(9;22) [2] / 48,idem,+15 [2] /47,XX,tder(2)t(1;2),t(9;22),+t(der22;der22)(q11; q11) [5] /46,XX,der(2)t(1;2),add(7)(q35) [2] ,t(9;22)/46,XX [2] .
FISH analysis
FISH studies were performed as previously described. 11 The probes used were as follows: 
Results
Patient 1
Two-color chromosome painting confirmed the t(1;2) detected on R-banded metaphase chromosomes. The results of FISH experiments with the other probes, summarized in Table 1 , showed that the chromosome 1 breakpoints were localized in the satellite 2 and 3 area or between the alpha satellite and satellite 2 in der(2) and der(19) (no mitoses with t(1;16) could be seen in these experiments). Interstitial telomeric repeats were detected in der(16) and der(19), but not in der(2).
Patient 2
The three translocations, t(1;7), t(7;8) and t(1;19) were confirmed with chromosome specific painting probes. The chromosome 1 breakpoint of der (7) was localized in satellite 2 and 3 region or between this region and alpha satellite domain, while it was more telomeric in der(19) which was dic(1;19) ( Table 1) . Telomeric repeat sequences were present in der(7)t(1;7) as shown by FISH using the all human telomere probe ( Figure 3 ) and absent in der(7)t(7;8), while the 7p subtelomeric cosmid probe was present in both, der(7)t(1;7) and dert7)t(7;8). The telomeric part of 7p was differently involved in the two derivatives 7.
Patient 3
The t(1;2) translocation was confirmed by two-color FISH using whole chromosome painting probes. As in patients 1 and 2, the chromosome 1 breakpoint was localized in satellite 2 and 3 regions or between this area and alpha satellite domain. An interstitial signal was present in five out of 10 metaphases on der(2)t(1;2) chromosome with the all human telomeres probe. This indicates that telomere repeat sequences were partially conserved in some of these chromosomes and lost in others.
Discussion
FISH studies of complex karyotypic abnormalities in three patients with hematologic malignancy showed that the breakpoints localized in heterochromatin of chromosome 1 long arm was between alpha satellite and satellite 2 and 3 domains. In patient 1, the localization of breakpoints on chromosome 1 was apparently the same in all 1q rearrangements of the jumping translocation, but not in patient 2 with two derivative chromosomes with (1;7) and t(1;19). The breakpoints on chromosome 2 were not identical in the two patients with t(1;2) since telomere repeat sequences were detected with FISH in half of the metaphases in one (patient 3) and not in the other (patient 1), as well as in another patient previously reported (patient 8 in Ref. 13 ) and re-examined with the all human telomere probe (data not shown). In patient 1 with jumping translocation, telomere repeat sequences were present, in der (16) 
Figure 3
Patient 2, hybridization in situ with all telomere probes showing the presence of interstitial telomere repeats in der(7)t(1;7) (arrowhead).
omere signal was also observed in der(7)t(1;7), but not in the two copies of der(7)t(7;8) in patient 2.
Chromosomal rearrangements involving heterochromatin are not uncommon in malignancies. It has been shown that in malignant hematopoietic disorders, the breakpoints were often localized between the alpha satellite and satellite 2 and 3 domains in rearrangements of chromosome 1. 11,13 In these studies, some translocations detected with banding techniques seemed recurrent, and they were supposed to occur as secondary rearrangements among complex chromosome abnormalities. Since some of the translocations analyzed were jumping translocations and some apparent breakpoints appeared terminal on the recipient chromosome of 1q, the question of the possible conservation of telomeric specific DNA sequences was addressed. From the use of all human telomeres sequence probes in FISH studies, two results were obtained. First, although they appeared not distinguishable by banding studies, the breakpoints on chromosomes 2q were not the same in three different der(2)t(1;2)(q12;q37), since the telomere repeat DNA sequences were present in one patient and not in two others. Secondly, conservation of telomere DNA sequences was uneven in different translocations with breakpoints in heterochromatin. In one patient, these sequences remained on 7p in der (7)t (1;7), and in another with jumping translocations having in common an apparent breakpoint in chromosome 1 heterochromatin, the telomere repeat sequences were conserved in two translocations, der(16)t(1;16) and der(19)t(1;19) while they were not detected in der(2)t(1;2). The same pattern was observed in the translocations involving 7p in patient 2, and in patient 3, telomeric sequences were detected in about half of the der(2)t(1;2) chromosomes These findings show the instability of telomere repeats and could suggest that t(1;2) was acquired secondarily in patient 1. If DNA sequence homologies between telomere repeats and some heterochromatin DNA sequences could favor illegitimate recombination resulting in these translocations is still in debate. The search for interstitial telomere sequences in jumping translocation has been seldom performed. It was positive in a jumping translocation involving 15q in one partner, but not performed in the others in a constitutional abnormality.
14 Interstitial telomeres were also found in two other patients with jumping translocation and PraderWilli syndrome, 7, 8 and in one patient with 18q as donor chromosome of jumping translocation. 15 Interstitial telomere sequences were also observed in a jumping translocation involving 1q21 in a patient with leukemia following myelodysplastic syndrome 16 and 11q23 in a patient with acute monocytic leukemia. 10 No telomere sequences could be detected by FISH in other patients with constitutional rearrangement 17 or acquired translocations. [18] [19] [20] The present findings suggest, at least, that the presence of telomere repeats in interstitial translocations is not sufficient to result in functional telomeres. Hatakeyama et al 16 have identified variant telomeric repeats that have been shown to be present in the proximal region of telomeres and are not related with a telomeric function. The conservation of telomere interstitial repeats in some translocations and not in others in the same patient may be related with the DNA instability of these repeats in malignant cell. The genesis and the functional consequences of jumping translocations are still unknown. Whatever they could be, the first task of cytogeneticists is to evaluate the extent of these rearrangements in malignant cells.
